Abstract-Herbivores that feed on toxic plants have to overcome plant defenses, and occasionally may even benefit from them. The current challenge is to understand how herbivores evolve the necessary physiological adaptations and which changes at the molecular level are involved. In this context we studied the leaf beetles genus Chrysochus (Coleoptera, Chrysomelidae). Two species of this genus, C. auratus and C. cobaltinus , feed on plants that contain toxic cardenolides. These beetles not only avoid poisoning by the toxin but they even use it for their own defense against predators. All other Chrysochus species feed on plants that 
-2 -Abstract-Herbivores that feed on toxic plants have to overcome plant defenses, and occasionally may even benefit from them. The current challenge is to understand how herbivores evolve the necessary physiological adaptations and which changes at the molecular level are involved. In this context we studied the leaf beetles genus Chrysochus (Coleoptera, Chrysomelidae). Two species of this genus, C. auratus and C. cobaltinus , feed on plants that contain toxic cardenolides. These beetles not only avoid poisoning by the toxin but they even use it for their own defense against predators. All other Chrysochus species feed on plants that (Brower et al. 1967 , von Euw et al. 1967 . Such a sequestration of plant compounds has been described in numerous cases by now (Rowell-Rahier and Pasteels 1992, Nishida 1995) . The current challenge is to understand how herbivores evolve the necessary physiological adaptations and which changes at the molecular level are involved.
The system that we currently use to analyse the evolution of such adaptations at the molecular level are Chrysochus leaf beetles (Coleoptera, Chrysomelidae). Like the Monarch butterfly, two species in this genus, C. auratus and C. cobaltinus, feed on plants with cardenolides (cardiac glycosides), in this case of the genera Asclepias (Apocynaceae, Asclepiadoideae) and Apocynum (Apocynaceae s.str.) (Dobler and Farrell 1999) . All other members of the genus feed on plants belonging to the Apocynaceae/Asclepiadoideae (Vincetoxicum, Cynanchum and related genera) that are devoid of cardenolides (Hegnauer 1964 (Dobler et al. 1998) .
Avoiding poisoning by the highly toxic cardenolides is the most obvious adaptation C. auratus and C. cobaltinus had to evolve to adopt sequestration of cardenolides.
The most important active principle of cardenolides consists in their capacity to bind to and thereby block the ubiquitous Na + /K + -ATPase present in almost all animals and most tissues.
This transmembrane carrier is responsible for the maintenance of cellular potentials and plays a decisive role in the formation of nervous action potentials. This also holds true for insects where Na + /K + -ATPase is present in the nervous system and can usually be blocked by the cardenolide ouabain (Emery et al. 1998 mutagenesis demonstrated that the single mutation is sufficient to reduce drastically the binding capacity for ouabain (Holzinger and Wink 1996) . Two other lepidopterans on cardenolide plants, however, do not feature the same substitution but must have achieved tolerance to cardenolides by some other modification (Holzinger and Wink 1996) . Alternative ways to achieve ouabain resistance have also been described in a line of canine kidney cells where an amino acid substitution in a transmembrane region of the enzyme alters the binding capacity for ouabain (Canessa et al. 1992 To firmly interprete the direction of the changes observed, a mt DNA phylogeny of the genus Chrysochus (Dobler and Farrell 1999) was supplemented by the sequence of Platycorynus sauteri (Fig. 2) . In the single most parsimonious tree, P. sauteri is placed as sister group to the genus Chrysochus while C. asclepiadeus and C. chinensis, on one hand, and C. auratus and C. cobaltinus, on the other hand, appear as sister taxa. This phylogeny corroborates the hypothesis that an asparagine at position 122 of the alpha-subunit of the Na + /K + -ATPase gene as observed in Drosophila and other insects is the plesiomorphic condition in this group of leaf beetles. The later host plant switch to cardenolide containing plants in the common ancestor of C. auratus and C. cobaltinus nicely coincides with the exchange of the asparagine for a histidine. Although this substitution is obviously not the only way to achieve an improved resistance to ouabain (Holzinger and Wink 1996, Canessa et al. 
